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Psalmotoxin 1, a peptide extracted from the South American 
tarantula Psalmopoeus Cambridge/, has very potent analgesic 
properties against thermal, mechanical, chemical, 
inflammatory and neuropathic pain in rodents. It exerts its 
action by blocking acid-sensing ion channel la, and this 
blockade results in an activation of the endogenous enkephalin 
pathway. The analgesic properties of the peptide are 
suppressed by antagonists of the ft and S-opioid receptors and 
are lost in Penkl- 1 - mice. 



Improving the treatment and the prevention of acute and chronic 
pain is an important goal for modem medicine. Ion channels have 
recently become very attractive targets in the search of new analgesics'. 



Acid-sensing ion channels (ASICs) are expressed throughout the central 
and peripheral nervous systems 1-5 . ASICla, ASICIb, ASIG2b and 
ASIC3 are abundantly expressed in small DRG neurons,: where ASIC3 
is predominendy implicated in a variety of pain sensations* 7 *. ASICla, 
ASIC2a and ASIC2b are abundant in brain and spinal cord neurons 2-8 . 
The most potent pharmacological agent for ASIC channels is psalmo- 
toxin 1 (PcTxl). This peptide, which was isolated from a tarantula 
venom', potently and specifically inhibits homomeric ASIC la channels. 
PcTxl is not lethal, even at high concentrations, and could be a 
candidate for therapeutic applications. PcTxl blocks ASICla channels 
in brain neurons', as well as in nociceptors 10 . It also blocks ASICla 
channels in spinal neurons (see Supplementary Results and Supple- 
mentary Fig. 1 online), which permits the use of intrathecal injections. 

We first evaluated the effects of PcTxl on behavioral reactions in 
acute pain models (see Supplementary Methods online). In tail 
immersion and hot plate tests, a large antinoceptive effect was observed 
following both intrathecal and intracerebroventricular (ICV) injections 
of PcTxl (Fig. 1). Intraperitoneal or subcutaneous injections had no 
effect, which was expected, as PcTxl is a peptide. Morphine induced 
an antinociceptive effect very similar to that of PcTxl (Fig. la,b,d). 
A similar antinociceptive effect was also produced by intrathecal 
injection of specific antisense nucleotides (Fig. lc) that have previously 
been used successfully" to eliminate ASICla expression in the retina. 
We used a formalin test to investigate the PcTxl effects (intrathecal) in 
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Figure 1 PcTxl, ASIC la knockdown and acute pain, (a.b) Time course of the effect of 
PcTxl on thermal nociception in healthy mice. Mice (n =15 per group) received an 
intrathecal (a) or ICV (b) injection of PcTxl (0.1 nmol per mouse), morphine (15 nmol 
in a) or vehicle, (c) Effect of intrathecal injection of specific.antisense directed against 
ASICla on thermal nociception in healthy mice. Mice (n = 10 per group) were 
intrathecally injected twice daily for 4 d with either 10 ng of ASICla antisense oligodeoxy 
nucleotide or of the mismatch oligodeoxynucleotide, or with the vehicle alone. Results are 
given as mean ± s.e.m. (d,e) Time course of the effect of PcTxl on thermal (d) and 
chemical (e) nociception in healthy mice. Mice received PcTxl, morphine or vehicle as in 
a and b, but 31 nmol per mouse of morphine were used. 'P < 0.05 versus morphine in a 
and b, "'P < 0.001 versus vehicle in c-e. In conditions used for the pain assays. 
PcTxl, unlike morphine, had no effect on motor behavior (Supplementary Fig. 7). 
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Figure 2 PcTxl and neuropathic pain, (a-d) Time course of the effect of PcTxl 01 
mechanical nociception in neuropathic animals (CCI and vincristine models). We intrathecal^ 
injected animals (n = 10 per group) with PcTxl (0.1 nmol per mouse), morphine (31 nmol per 
mouse) or vehicle 14 d after sciatic nerve ligation (CCI, mice) or after vii 
(vincristine, rats). Evoked thermal (a,c) and mechanical (b,d) hyperalgesia were scored using the 
paw immersion (a,c), Von Frey (b) and paw pressure ,(d) tests. AUC values correspond to area under 

i.m.). **P < 0.01 , < 0.001 versus vehicle (AUC). Effects.of 
PcTxl in healthy rats submitted to the paw pressure test are shown in Supplementary Figure 2. 



irritant chemical nociception (acute, phase I) and in inflammation 
(late, phase II) (Fig. le). In phase I (0 to 5 min), morphine and PcTxl 
had comparable antinociceptive effects. In phase II (from 30 to 
40 min), the score reduction induced by PcTxl was even higher than 
that induced by morphine (P < 0.05). These three acute pain models 
are indicative of a potent antinociceptive effect of PcTxl. 

We then analyzed the effects of PcTxl in two persistent pain models 
(see Supplementary Methods). Mononeuropathy caused by a chronic 
n injury (CCI) of sciatic nerve in rat produced a hyperalgesic 



state and tactile allodynia (Fig. 2a,b). Similar to morphine, PcTxl 
reversed both the thermal hyperalgesia and the tactile allodynia. On 
healthy rats, PcTxl only slightly increased the mechanical threshold 
(Supplementary Fig. 2 online). We also assessed PcTxl action using a 
mouse vincristine-induced neuropathy model (see Supplementary 
Methods). Vincristine is an anticancer drug that is unfortunately 
associated with peripheral neuropathy. Vincristine induced hyper- 
sensitivity to heat (Fig. 2c) and to mechanical stimuli (Fig. 2d), 
which was completely abolished by PcTxl (Fig. 2c,d). 




Figure 3 Opioid receptors and enkephalins are involved in the antinociceptive effect of PcTxl. (a) Repeated ICV injections of PcTxl or morphine into healthy 

mice results in tolerance (n =r 10 per group). MPE, maximum possible effect, (b-d) Effects of pretreatment with u (b), k (c) and 8 opioid (d) antagonists 

on tail immersion responses produced by ICV administration of PcTxl (0.1 nmol, n = 12 per group). NAL, naloxone; NAZE, naloxonazine; NALTR. naltrindble; 

injected before PcTxl. Morphine (15 nmol per mouse, ICV), PcTxl (0.1 nmol per mouse; ICV) .and vehicle (ICV) were injected alone as controls. 

"*P < 0.001 versus vehicle, (e) Effect of PcTxl (Oi 1 nmol per mouse, ICV) on met-enkephalin concentration (pmol per mi) in cerebrospinal fluid (CSF). 

(f.g) Comparison of nociceptive behavior of wild-type, Penkl-'~ (f), Pdyn-'-, Pome'' and substance P (feci-'-) (g) mice to noxious thermal stimulus 

(52 X). Mice In = 10 per group) received an intrathecal injection of PcTxl (0.1 nmol per mouse), morphine (31 nmol per mouse) or vehicle. Results are given 

as mean ± s.e.m. "■•P < 0.001, "P < 0.01 versus vehicle. NAL, NAZE, nor-BNI and NALTR were without effect by themselves (Supplementary Fig. 4). 



944 



VOLUME ToT NUMBER 8 I AUGUST 2007 NATURE NEUROSCIF.NCE 



BRIEF COMMUNICATIONS 



Because there is no additivity between the analgesic effects of 
morphine and PcTxl (Supplementary Fig. 3 online) and because 
PcTxl treatment, similar to morphine treatment, results in tolerance 
(Fig. 3a), we asked whether the analgesic ICV effect of PcTxl was 
inhibited by naloxone, a nonspecific antagonist of the opioid receptors, 
by naloxonazine, a specific antagonist of ul -opioid receptors, by 
naltrindole, a 8-receptor antagonist, and by nor-binaltorphimine 
(nor-BNI), a K-opioid receptor antagonist, both without any effect 
by themselves (Supplementary Fig. 4 online). The inhibitory effects of 
naloxone, naloxonazine and naltrindole indicated that PcTxl produces 
its antinociceptive effect via the stimulation of p.- and 5-opioid 
receptors (Fig. 3b-d). ASICla was coexpressed with Met- enkephalin 
in the dorsal horn neurons (Supplementary Fig. 5 online). Enkepha- 
lins, endogenous opioid peptides, are potent ligands of both u and 6 
receptors 12 , and are involved in the analgesic effect of PcTxl. ICV 
injection of PcTxl (like injection of ASICla antisense nucleotides, 
Supplementary Fig. 6 online) increased Met-enkephalin levels in the 
cerebrospinal fluid (Fig. 3e), and the analgesic effect of PcTxl was lost 
in mice deficient for the preproenkephalin gene (Penkl~'~ mice) 
(Fig. 3f)» but not in mice lacking either the pro-opiomelatiocortin-a 
(Pomc~'~) or pndynorphin (Pdyn~'~) genes, or in mice deficient for 
tachykinin 'Tad' 1 -) (Fig. 3g). 

These results suggest that the ASICla channel is an. important 
molecular target for treating both acute and neuropathic pain and 
that PcTxl itself could be a new specific analgesic drug working 
upstream of the opiate receptors. Being a peptide, PcTxl would have 
to be injected intrathecally to patients, similarly to (o-conotoxin 
MV1IA, a peptide originating from cone snail venom, which blocks 
high- voltage activated Ca 2 t channels and has been approved for use 
in human patients 13 . Knowing that PcTxl has analgesic effect and 
that it does not show some of the secondary effects of morphine 
(Supplementary Fig. 7 online) will also encourage the search for 
nonpeptidic blockers of the ASICla channel, which can be taken orally. 
Our work also highlights the connection between ASICla and the 
endogenous opioid system (Fig. 3). ASICla blockade leads to the 
activation of the enkephalin system, but the mechanistic details by 
which this happens are not yet known. Notably, ASICla is also 
modulated by peptides of the FMRF family 51 "' 14 , which are abundant 
in brain and spinal cord and have anti opioid properties 15 ; and is 
inhibited by PcTxl, which displays opioid-Iike properties against 
pain. It is thus tempting to correlate these observations and to suggest 
that ASIC1 channels are at a crossroad between the enkephalin and 
the FMRF-related peptides pathways. It is also tempting to suggest 
that FMRF-like peptides negatively control the antinociceptive opiate 



pathway through the ASICla channel. This negative control would 
then disappear when ASICla is blocked by PcTxl. Hopefully, this may 
open a new avenue of research info the endogenous opioid mechanisms 
in nociception. 

Note: Supplementary information is available on the Nature Neuroscience website. 
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